Congestive heart failure (CHF) is a growing public health problem that affects nearly 6.5 million individuals nationwide. Access to quality outpatient care and disease management programs has been shown to improve disease treatment and prognosis. Rural populations face unique challenges in the availability and accessibility of quality cardiovascular care. In 2018, we conducted a pooled cross-sectional analysis of the Nationwide Inpatient Sample (NIS) for 2009-2014 to examine recent trends in CHF-related hospital deaths in the United States, highlighting urban-rural differences within each census region. We performed a multivariable logistic regression analysis to compare the odds of CHF-related hospital death, by levels of rurality and within each census region. Most CHF-related hospital deaths occurred in the South and Midwest census regions and in large central metropolitan areas. Findings from census region stratified models revealed that non-core residents living within the West (OR 1.47, CI 1.26, 1.71), Midwest (OR 1.30, CI 1.17, 1.44), and South (OR = 1.21, 95% C.I. = 1.12-1.32) had a higher relative risk (but not higher absolute numbers) of experiencing death during a CHF-related hospitalization, compared to patients in large central metropolitan areas. Within each census region, there were also differences in odds of a CHF-related hospital death depending on patient sex, comorbidities, insurance type, median annual income, and year. As efforts to reduce rural health disparities in CHF morbidity continue, more work is needed to understand and test interventions to reduce the risk of death from CHF in noncore areas of the West, Midwest, and South.
Introduction
Congestive heart failure (CHF) is a growing and elusive public health problem that affects nearly 6.5 million individuals nationwide (Roger, 2013; Benjamin et al., 2017) . Congestive heart failure, otherwise known as heart failure, is a chronic condition that occurs when the heart is unable to pump enough blood to satisfy the needs of the body. Frequently associated with significant morbidity and mortality, CHF is the leading cause of emergency room visits, hospital admissions, and hospital readmissions among persons over age 65 (Hall et al., 2012; Centers for Disease Control and Prevention, 2016; Dharmarajan et al., 2013) . Congestive heart failure also imposes a substantial economic burden on the healthcare system, resulting in an estimated 31 billion per year in healthcare costs (Benjamin et al., 2017; Centers for Disease Control and Prevention, 2016) . Despite this, access to quality outpatient disease management programs for CHF has been shown to improve disease prognosis, increase utilization of evidence based therapies, and reduce CHF-related hospital admissions and associated hospital mortality (Atienza et al., 2004) . Therefore, The Agency for Healthcare Research and Quality (AHRQ) has identified CHF as an ambulatory care sensitive condition, defined as a condition for which hospital admission and related mortality could be prevented with access to adequate and timely outpatient care (Purdy et al., 2009) .
Rural populations face unique challenges in the availability and accessibility of quality health care services. Compared to urban individuals, rural residents have a higher prevalence of cardiovascular disease, and are more likely to be readmitted with CHF complications (Jin et al., 2003) . Evidence suggests that rural residents are less likely https://doi.org/10. 1016/j.pmedr.2019.101007 Received 8 May 2019; Received in revised form 8 October 2019; Accepted 20 October 2019 than their urban counterparts to receive regular preventative care and screening services, resulting in fewer medical visits, under diagnosis and suboptimal health outcomes (Casey et al., 2000) . A variety of factors contribute to healthcare access challenges among rural populations, including geographic isolation, provider shortages, economic stagnation, and high rates of uninsurance (Bolin et al., 2011; Bolin et al., 2015; Casey et al., 2001) . Studies have shown that there are differences in CHF-related hospitalizations, readmissions, and mortality across census regions, racial groups, and low-income populations (Zhang and Watanabe-Galloway, 2008; Ogunniyi et al., 2012; Casper et al., 2010; Akintoye et al., 2017; Liu et al., 2018; Joshi et al., 2004) . However, there is limited national-level research comparing rural and urban variations in CHF mortality within each U.S. census region. As a result, it is unclear whether uniform improvements in the burden of CHF mortality have been made across the U.S., or whether place-based disparities persist.
In the present research, we examined recent trends in CHF-related hospital deaths in the United States, highlighting urban-rural differences within each census region. Findings from this study will help to identify geographic areas that are in need of specific interventions to improve access to care and reduce the burden of CHF mortality. This study expands upon previous work with the inclusion of a nationally recognized comprehensive rurality measure (Ingram and Franco, 2012) , allowing for a more in-depth analysis of CHF mortality trends across the urban-rural continuum, potentially revealing disparities masked at the national or even regional levels. Findings from this study will help public health practitioners and policy makers identify geographic areas in need of improved access to quality health care.
Methods
Data from the Healthcare Cost and Utilization Project (HCUP) Nationwide Inpatient Sample (NIS) dataset for the years 2009-2014 were utilized for this longitudinal cohort study. The HCUP NIS was established by the Agency for Healthcare Research and Quality (AHRQ) to provide data for national and regional studies focusing on inpatient hospital care in the United States (Houchens et al., 2014) . The NIS is the most comprehensive publicly available hospital database, designed to approximate a 20% inpatient sample of all U.S. community hospitals (Houchens et al., 2014) .
Study population and primary outcome
The study population was limited to adult (age ≥18 years old) hospital admissions occurring between 2009 and 2014 that had CHF recorded as the principal diagnosis. In the HCUP NIS, the first listed diagnosis is referred to as the principal diagnosis (related to the hospital admission), defined as the condition established to be chiefly responsible for the hospital admission of the patient (Senathirajah et al., 2011) . Patient records with a primary diagnosis of CHF were identified using the Clinical Classifications Software (CCS) for International Classification of Diseases, Ninth Revision (ICD-9-CM) diagnosis codes for CHF (CCS code 108), provided by HCUP. The primary outcome assessed for CHF patients was in-hospital death among those hospitalized for CHF. In-hospital death was defined as a death that occurred during a hospitalization for CHF, in which CHF was recorded as the primary diagnosis at admission. However, it is important to note that the same individual could have multiple admissions in the HCUP NIS, therefore the denominator and rates are based on hospital admissions and not individual persons.
We rely on geographic variables -including hospital census region and patient residence level of rurality -as key explanatory measures. Hospital region was identified by census region, including Northeast (reference), Midwest, West, and South. Patient location was identified using the National Center for Health Statistics (NCHS) 2013 Urban-Rural Classification Scheme for Counties (Joshi et al., 2004 ) that categorizes patient rurality into 6-levels including: large central metropolitan (reference group), large fringe metropolitan, medium metropolitan, small metropolitan, micropolitan, and non-core areas. Micropolitan and non-core are considered non-metropolitan, whereas the remaining four categories are considered metropolitan areas. Further, according to the Office of Management and Budget, all counties that are not part of metropolitan areas are considered rural, and thus classified accordingly in our analyses (US Office of Management and Budget, 2010) .
We also include patient-level characteristics provided by NIS, including patient sex, age, race, insurance type, income, and comorbidities. Patient sex was dummy coded, with males coded as the reference group. Patient age was grouped into five categories, including: 18-44 (reference group), 45-54, 55-64, 65-75, and over 75. Race and ethnicity variables included White (reference group), Black, Hispanic, Asian or Pacific Islander (P.I.), Native American, and other. In our study sample, we observed a large proportion of missing or incomplete data values for patient race (N = 91,066), which might potentially produce misleading, biased, or inaccurate results. To mitigate this issue, we included a missing category for patient race.
We account for insurance type using a primary expected payer measure that includes Medicare, Medicaid, self-pay/uninsured, no charge/other, and private or employer sponsored insurance (reference group). The "no charge/other" insurance category includes charity care, worker's compensation, Civilian Health and Medical Program of the Uniformed Services (CHAMPUS), Title V, and other government programs. Median household income is measured using HCUP's provided quartile classification of the estimated median income of a patient's ZIP Code of residence. The HCUP's income classification provides four median income quartiles, in the following categories: 0-25th percentile (reference), 26th-50th percentile, 51st-75th percentile, and 76th-100th percentile. The bottom quartile (0-25th percentile) indicates the poorest communities.
Patient comorbidities were measured using the Charlson comorbidity index (CCI), a method for classifying comorbid conditions which might alter the risk of mortality in longitudinal studies. Patient comorbidities were identified using information from each patient discharge record, where up to ten ICD-9-CM diagnosis and procedural codes were used to assess comorbidity. The CCI then provides a score accounting for patient comorbidities. Charleson comorbidity scores were divided into 3 groups (0-2, 3-5, and ≥6) with higher scores indicating higher comorbidity (Deyo et al., 1992) .
Statistical analysis
All analyses used weighting to obtain national estimates (Houchens et al., 2014) . We first generated descriptive statistics for CHF-related hospitalizations, and CHF-related hospital deaths for the years 2009 to 2014. Then, we performed bivariate analysis to measure associations between covariates and CHF-related in-hospital mortality. Subsequently, we performed a general multivariable logistic regression analysis to compare the odds of in-hospital death, by levels of rurality (regardless of region), controlling for potential confounding variables. Cross product terms were incorporated into a subsequent multivariable logistic regression model to evaluate the statistical interaction between rurality and census region. Then, separate region-specific multivariable logistic regressions were performed to further investigate differences in odds of an in-hospital death across the urban-rural continuum within each U.S. census region. All analyses were performed in 2018 using Stata 14 (StataCorp, 2015) statistical software.
Sensitivity analysis
Given that the race/ethnicity variables in hospitalization data are often questioned, and often contain a large proportion of missing data, we performed a sensitivity analysis by repeating our multivariable K. Primm, et al. Preventive Medicine Reports 16 (2019) 101007 logistic regression to compare the odds of in-hospital death, by levels of rurality (regardless of region) using only data where race/ethnicity was not missing.
Results
From 2009 to 2014, there were an estimated 5.57 million hospitalizations with a primary diagnosis of CHF, of which an estimated 172,972 resulted in death during hospitalization (Table 1 ). The greatest frequency of CHF in-hospital deaths occurred in 2009 (0.57% of all CHF hospitalizations), and the fewest proportion of deaths occurred in 2014 (0.47% of all CHF hospitalizations). Among census regions, the South experienced the greatest frequency of in-hospital deaths (1.20% of all CHF hospitalizations), and the lowest frequency of in-hospital deaths occurred in the West census region (0.47% of all CHF hospitalizations). Additionally, the majority of in-hospital deaths occurred among residents of large central metropolitan areas (0.78% of all CHF hospitalizations), and the lowest proportion of in-hospital deaths occurred among residents of small metropolitan areas (0.31% of all CHF hospitalizations). Among racial groups, in-hospital death associated with CHF occurred most often white patients (2.24% of all CHF hospitalizations), followed by Black patients (0.31% of all CHF hospitalizations). In-hospital deaths occurred more frequently among older patients, with of the majority of CHF-related-hospital deaths occurring in patients over age 75. Accordingly, most in-hospital deaths occurred among individuals insured through Medicare (2.48% of all CHF hospitalizations). Furthermore, most (0.93% of all CHF hospitalizations) CHF in-hospital deaths occurred among patients in the 0-25th (poorest) median income percentile. Heart failure-related hospital deaths were also most common among individuals diagnosed with 3-5 comorbidities (1.69% of all CHF hospitalizations).
Results from the bivariate and multivariable logistic regression models are displayed in Table 2 . The bivariate logistic regression models revealed significant associations between a number of the independent variables and death during a CHF-related hospitalization. Results from our multivariable logistic regression model illustrate differences in odds of in-hospital death across the rural urban continuum, regardless of census region. Notably, CHF patients hospitalized in small metropolitan (OR: 1.12; 95% C.I. = 1.06-1.18), micropolitan (OR: 1.13; 95% C.I. = 1.08-1.19) and noncore (OR: 1.22; 95% C.I. = 1.16-1.29) areas had significantly higher odds of in-hospital death compared to patients living in large central metropolitan areas. Compared to patients hospitalized in the Midwest, patients in the Northeast were 17% more likely to die during a hospitalization for CHF (OR: 1.17; 95% C.I. = 1.11-1.23).
Looking at additional characteristics, old age was the strongest independent predictor of in-hospital death, with patients over age 75 displaying more than triple the odds (OR:3.07; 95% C.I. = 2.77-3.40) of in-hospital death, relative to patients in the 18-44 age group. Regarding race, compared to white individuals, black patients experienced the lowest odds of in-hospital mortality associated with CHF (OR = 0.69, 95% C.I = 0.65-0.73) patients, followed by Hispanics (OR = 0.79, 95% C.I = 0.75-0.84). When we conducted a sensitivity analysis excluding observations with missing race variables (see Appendix A), the estimated odds of among racial/ethnic groups changed minimally (if at all): black patients continued to have the lowest odds of CHF in-hospital mortality associated with CHF (OR = 0.67, 95% C.I = 0.64-0.70) patients, followed by Hispanics (OR = 0.79, 95% C.I = 0.75-0.84), relative to white patients.
Patients on Medicare (OR = 0.69, 95% C.I = 0.65-0.73), Medicaid (OR = 0.78, 95% C.I = 0.72-0.84), and uninsured individuals (OR = 0.82, 95% C.I = 0.69-0.97), had lower odds of in-hospital death, while those covered by some 'other' type of government insurance (OR: 1.79; 95% C.I. = 1.58-2.02) had higher odds of in- Note. All values were weighted to produce national estimates. * Values are given as percent (standard error) of total CHF hospitalizations. K. Primm, et al. Preventive Medicine Reports 16 (2019) 101007 hospital death, compared to those privately insured. Furthermore, patients who were hospitalized with six or more comorbidities (OR: 1.49; 95% C.I. = 1.44-1.55), were male (OR: 1.08; 95% C.I. = 1.05-1.10), and in the highest median income quartile had greater odds of in-hospital death (OR:1.10; 95% C.I. = 1.05-1.14).
To examine potential differences in CHF-related hospital mortality across regions in urban-rural classification, we performed a subsequent multivariable logistic regression that included a region-by-rurality interaction term (Appendix B). Results indicated a significant interaction between region and rurality. In particular, results indicated that odds of CHF in-hospital death were higher in micropolitan and noncore areas of the South, Midwest, and West, compared to micropolitan and noncore areas in the Northeast.
Because we found a significant interaction between census region and levels of rurality, additional separate multivariable logistic regressions were performed to further examine factors contributing to urban-rural differences in odds of CHF in-hospital death within each census region (Table 3 ). In the Midwest, the odds of in-hospital CHFassociated death increased as areas became more rural, with the highest odds occurring in noncore areas (OR = 1.30, 95% C.I. = 1.17-1.44), followed by micropolitan (OR = 1.20, 95% C.I. = 1.09-1.33), and small metropolitan areas (OR = 1.19, 95% C.I. = 1.07-1.32). In the South, odds of in-hospital death from CHF were also highest among noncore, or rural residents (OR = 1.21, 95% C.I. = 1.12-1.32), followed by micropolitan (OR = 1.14, 95% C.I. = 1.05-1.23) and small metropolitan (OR = 1.10, 95% C.I. = 1.01-1.20). Similar to the Midwest and South, noncore residents of the West had the highest likelihood of in-hospital death (OR = 1.47, 95% C.I. = 1.26-1.71), followed by micropolitan (OR = 1.25, 95% C.I. = 1.10-1.42) areas. Unlike other regions, odds of death in the Northeast did not increase as areas became less urban and more rural.
Across all regions, Black patients had the lowest odds of an inhospital CHF associated death. Within the Northeast, Midwest, and South, patients covered by some 'other' type of government insurance had the highest odds of in-hospital death (OR = 1.63, 95% C.I. = 1.22-2.18; OR = 2.11, 95% C.I. = 1.62-2.76, OR = 2.00, 95% C.I. = 1.67-2.39). In all regions, patients covered through Medicare had lower odds of death compared to those on private insurance. While odds of CHF in-hospital death were lowest among uninsured patients in the Northeast (OR = 0.72, 95% C.I = 0.52-0.99) and West (OR = 0.68, 95% C.I = 0.52-0.90), odds of death among uninsured individuals in the Midwest and South did not significantly differ from those on private insurance.
There were also regional differences in odds of an in-hospital CHFrelated hospital deaths depending on patient sex, number of comorbidities, median annual income, and year. For example, male patients displayed significantly higher odds of death within the South (OR = 1.12, 95% C.I. = 1.08-1.16), Midwest (OR = 1.07, 95% C.I. = 1.03-1.12), and West (OR = 1.06, 95% C.I. = 1.01-1.12), but not the Northeast. Across all regions, patients with six or more comorbidities displayed the highest odds of death during a CHF-related hospitalization. Compared to patients in the lowest income quartile, those in the highest income quartile were significantly more likely to experience death during a CHF-related hospitalization in the South (OR = 1.15, 95% C.I. = 1.07-1.24), Northeast (OR = 1.13, 95% C.I. = 1.03-1.23), and West (OR = 1.11, 95% C.I. = 1.01-1.22), but not the Midwest. Patients residing in the U.S. South census region experienced a 12% decrease in odds in 2014, compared to 2009 (OR = 0.88, 95% C.I = 0.82-0.95). Patients hospitalized in the Northeast and Midwest also experienced decreases in odds of in-hospital death in 2014, compared to 2009 (OR = 0.89, 95% C.I = 0.80-0.99), and (OR = 0.89, 95% C.I = 0.80-0.99), respectively. However, in the West, odds of mortality did not significantly change from year to year.
Discussion
In this study, we examined trends in CHF-related in-hospital death between 2009 and 2014 in the United States, highlighting differences 1.11 (1.06-1.16 ) *** 0.94 (0.90-0.98) Medium Metro 1.13 (1.08-1.19 ) *** 1.01 (0.97-1.06) Small Metro 1.21 (1.15-1.28 ) *** 1.12 (1.06-1.18 ) *** Micropolitan  1.24 (1.18-1.31 ) *** 1.13 (1.08-1.19 ) *** Noncore 1.32 (1.26-1.40 ) *** 1.22 (1.16-1.29 1.74 (1.54-1.97 .16 (1.13-1.19 ) *** 1.18 (1.15-1.21 ) *** 6+
1 .40 (1.35-1.46 ) *** 1.49 (1.44-1.55 Overall, we found that despite significant medical advances in CHF treatment and management in recent years, substantive place-based disparities in the odds of CHF-related hospital mortality persist. Specifically, our multivariable logistic regression analyses revealed that compared to large central metropolitan areas, CHF-related hospital admissions from small metropolitan, micropolitan, and noncore residents were more likely to result in death, even after controlling for patient demographics, census region, and comorbidities. Previous studies on regional variation in CHF mortality suggest that CHF mortality is highest in the Northeast and lowest in the Midwest (Joshi et al., 2004) . However, our regional analyses revealed that the burden of CHF is especially pronounced for micropolitan and noncore residents of the Midwest, South, and West, and we also observe an absence of rural versus urban disparities in the Northeast census region. These regional differences persisted even after controlling for patient age, race/ethnicity, sex, insurance type, year, comorbidities, and median annual income. Several factors might put rural residents at higher risk of death from CHF than urban residents. For example, rural populations tend to be .19 (1.07-1.32 ) ** 1.10 (1.01-1.20 .20 (1.09-1.33 ) *** 1.14 (1.05-1.23 ) ** 1.25 (1.10-1.42 ) ** Noncore 0.93 (0.80-1.09) 1.30 (1.17-1.44 ) *** 1.21 (1.12-1.32 ) *** 1.47 (1.26-1.71 0.61 (0.56-0.68 1.12 (1.08-1.16 ) *** 1.06 (1.01-1.12 older, have higher rates of poverty, and lower levels of education, compared to their urban counterparts (Bolin et al., 2011; Barker et al., 2013) . Rural Americans also have higher rates of tobacco use, physical inactivity, obesity, diabetes, and hypertension than urban residents (Bolin et al., 2011; Bolin et al., 2015; Befort et al., 2012; Vitolins et al., 2007; Doescher et al., 2006; Bell et al., 2009 ). Furthermore, rural populations often face significant challenges accessing quality health care due to geographic isolation, limited availability of providers, inadequate transportation, or lack of health insurance (Barker et al., 2013; Bolin et al., 2011; Bolin et al., 2015; Casey et al., 2001) . Limited access to health services, including primary care and disease selfmanagement programs adversely impacts CHF treatment and prognosis, potentially leading to increased CHF mortality among rural residents (Casey et al., 2000; Bolin et al., 2011; Bolin et al., 2015; Casey et al., 2001) . Geographic variations in CHF-related in hospital mortality could also indicate that rural residents in the Midwest, West, and South receive lower quality CHF-related care than their urban counterparts. In fact, results from prior studies suggests that heart failure patients tend to be more effectively managed in the urban hospital setting compared to hospitals located in rural areas (Lutfiyya et al., 2007; Yuan et al., 2000; Baker et al., 1999) . For example, one study revealed that urban acute care hospitals were more likely to provide smoking-cessation counseling for heart failure patients, compared to rural hospitals (Lutfiyya et al., 2007) . Rural medical institutions also have limited technological and clinical resources and employ fewer cardiovascular specialists than urban hospitals (Casey et al., 2000; Bolin et al., 2011) . Also, given the well documented association between hospital volume and quality of care, rural hospitals likely see a much lower volume of heart failure patients, and as a result could be less proficient at treating these patients than their urban counterparts (Wagnild et al., 2004) .
Consistent with previous study findings, we found that patients who are female, under age 65, or African American/Black had decreased odds of in hospital CHF mortality across regions (Akintoye et al., 2017; Joshi et al., 2004) . However, our analysis revealed counter-intuitive associations between CHF-related hospital mortality and income and insurance type. The unexpected association between CHF-related hospital mortality and median household income could be the result of the operationalization of this measure which relies on ZIP Code-level income as opposed to patient income. However, further explanations of counter-intuitive findings are beyond the scope of this study. Thus, future research should continue to explore associations between patient income, insurance type, and risk of CHF-related hospital mortality.
Limitations
As with any study, there are limitations of this analysis. First, the primary outcome variable for this study was in-hospital death. Thus, deaths associated with CHF occurring outside of a hospital setting were not taken into consideration.
Moreover, because CHF is a syndrome and not a disease, its diagnosis is challenging, and admittedly standardized diagnostic criteria may be inconsistently applied (Remes et al., 1991; Cainzos-Achirica et al., 2018) . For example, the complex syndrome of CHF has many different clinical presentations. Variations in the presentation of CHF stem from its diverse causes, varying degrees of cardiac dysfunction, and wide assortment of signs and symptoms. Furthermore, the primary symptoms of CHF (including fatigue, shortness of breath, or swelling in legs and feet) -are also present in a variety of other medical conditions common in older adults (Cainzos-Achirica et al., 2018) . Because there is no physical sign, imaging test, or blood assay that is definitive for the diagnosis of CHF, an accurate identification of CHF cases can be more challenging than for other conditions (Remes et al., 1991; Cainzos-Achirica et al., 2018) . As a result, all cases of CHF may not be fully captured by the disease coding system used in this analysis, which could impact data quality. To mediate this issue, we utilized the Clinical Classifications Software (provided by HCUP) to identify CHF cases using a series of ICD-9 codes that have high specificity and positive predictive values for CHF (Saczynski et al., 2012) .
Lastly, because the HCUP sample consists of hospitalizations, estimates could be biased due to variations in the severity of CHF between regions and levels of urbanization. We were also unable to identify readmissions for CHF, as the unit of our analysis was at the visit level, so a portion of CHF hospitalizations included in this study could represent a repeated admission from the same patient.
Conclusion
This study provides insight into the extent that CHF-related inhospital mortality varies across six levels of urbanization and four census regions. Despite various policy efforts to improve health services in rural areas, our results indicate a need for continued policy attention to improve the quality of care provided to rural CHF patients. Many of the risk factors for CHF, such as diabetes, obesity, and hypertension, are largely preventable with a combination of access to quality medical care and living environments that promote healthy lifestyle choices. Findings from this study can be used by public health professionals and policy makers to identify regions that are in particular need of improved access to quality health care. More research is needed to further investigate the interplay of region-specific social, environmental, economic and health care system-associated factors contributing to the increased burden of CHF mortality in rural areas so that all Americans have equal access to high quality cardiovascular care. (2019) 101007 
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